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The main objectives of this thesis are to present a theoretical basis for influences
of both pressure and gas properties on gas hold-up in bubble columns and to give new
scale-up rules for industrial bubble column reactors at conditions above atmospheric
pressure.
In the first (introductory) chapter of this thesis an extensive literature review
is given of the available literature on gas density and pressure influences in bubble
columns. On the basis of this review it is shown that both pressure and gas molecular
weight can influence gas hold-up and bubble size in bubble columns (and in other
related gas/liquid contactors), but that no articles have been published that can
adequately account for these influences on a theoretical basis. Furthermore it is
demonstrated that not only are these influences not well understood, but that it is
also not possible to accurately predict the influence of pressure (or gas molecular
weight) with literature empirical equations for design and scale-up purposes.
In Chapters 2 and 3 different factors that may influence bubble size in a bubble
column and thus gas hold-up were studied, in order to determine a theoretical
explanation for the influences of pressure and gas molecular weight as reported in
Chapter 1. First in Chapter 2 it is demonstrated and explained (on the basis of model
calculations) that both pressure and gas properties can influence the bubble
formation size. The results of Chapter 2 however also indicate that the influence of
gas density in bubble columns cannot be fully attributed to the influence of gas
density on bubble formation. In Chapter 3 it is experimentally determined and
explained (on the basis perturbation analysis) that a higher gas density leads to a
higher bubble break-up frequency, especially for large bubbles. In order to establish
whether the influence of pressure and gas molecular weight on gas hold-up (and bubble
size) in a bubble column can be attributed to the bubble break-up results of
Chapter 3, gas hold-up experiments were done in a bubble column (Chapter 4) with
different liquids and gases at pressures up to 2.0 MPa. The results of these
experiments (combined with observations of the bubbles through high pressure sight
glasses) show that gas hold-up increases at higher gas density (and thus pressure) as
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a result of a decrease in the number and size of large fast rising bubbles.
Consequently these results indicate that the decreased stability of large bubbles at
higher gas density (as determined in Chapter 3) is the primary cause for the
influence of gas density on bubble size (and thus gas hold-up) in bubble columns.
In the remaining part of the thesis the influence of pressure on different aspects
that are of importance for the performance and scale-up of bubble columns are
studied. In Chapter 5 an experimental study deals with the influence of pressure on
liquid mixing. The results of this study show that the influence of pressure on the
liquid axial dispersion coefficient is relatively small, but opposite to what is
predicted by literature theoretical equations for liquid mixing. On the basis of
simple mechanistic arguments these discrepancies are explained. In Chapter 6 the
influence of pressure on the bubble size (which is of importance for the interfacial
area) is determined for different liquids on the basis of photos and in addition the
influence of pressure on the liquid volumetric mass transfer coefficient in an
uncatalyzed sodium sulfite solution is determined chemically. (A kinetical study of
the applied uncatalyzed sulfite oxydation is presented in an appendix at the end of
the thesis). The results show that both the interfacial area and the liquid
volumetric mass transfer coefficient increase with increasing pressure (mainly due to
the increase of the gas hold-up and partly due to the decrease of the
bubble size).
Finally the last chapter (Chapter 7) deals with scale-up of high pressure bubble
columns. In this chapter it is determined (on the basis of experiments and
comparisons with literature data) that gas hold-up (and mass transfer) are
practically uninfluenced by the column dimensions and the sparger design (for high as
well as low pressure) provided the column diameter is larger than 0.15 m, the height
to diameter ratio is larger than 5 and the hole diameters of the sparger are larger
than 1-2 mm. Furthermoïe a new improved gas hold-up equation has been developed
(on the basis of extensive experimental data) that incorporates the influence of gas
and liquid properties with an average error of approximately 10%. Moreover it is also
demonstrated to what extent the influence of pressure on other important design
parameters (such as the interfacial area, the liquid volumetric mass transfer
coefficient and gas and liquid mixing) can be estimated on the basis of empirical
equations.
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